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® Solvent extraction of lubricating oils. 



© A lubricating oil stock is extracted with N-methyl-2-pyrrolidone to yield a primary raffinate useful as a high VI 
lubricating base oil and a primary extract. The primary extract is mixed with antisolvent and chilled to yield a 
secondary raffinate. This secondary raffinate is sufficiently reduced in aromatics that it is suitable for fluidized 
catalytic cracking in the absence of hydrogenation. 
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SOLVENT EXTRACTION OF LUBRICATING OILS 
BACKGROUND OF THE INVENTION 



1. Field Of The Invention 

; r aff in?l in M nti ° n r !' at ? !° S0 ' Vent refini " 9 3 petroleum derived ,ubricati "9 oil stock to yield aromatics lean 

2. Description Of the Related Arts 
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extraction temperature in the range of 100° F to 250° F. An aromatics-rich primary extract and an aromatics- 
lean primary raffinate of increased viscosity index are withdrawn from the extraction zone. 

In the improvement, the primary extract is cooled to a temperature 10° F to 120° F below the extraction 
temperature. About 0.0 vol% to 10 vol% preferably 0.5 vol% to 10 vol%, most preferably 3 vol% to 5 vol% 
s antisolvent is added to the primary extract in a separation zone. As a result two phases are formed 
consisting of a secondary extract richer in aromatics and a secondary raffinate leaner in aromatics. 

The secondary raffinate phase is separated and passed to a fluid catalytic cracking zone at cracking 
conditions to yield a liquid fuel product. The fluid catalytic cracking is achieved in the absence of prior 
hydrocracking of the feedstock, the primary raffinate or the secondary raffinate. 

10 

DESCRIPTION OF THE DRAWING 



Details of the process are disclosed in the accompanying drawing which is a schematic flow diagram 

75 illustrating a solvent refining process employing the process of this invention. 

With reference to the drawing, a lubricating oil feedstock enters the system through line 2 and is 
introduced into primary extraction tower 20 wherein it is brought into intimate countercurrent contact with an 
extraction solvent. The feedstock enters the primary extraction tower 20 at about the middle or below the 
middle of the tower. Fresh extraction solvent is brought into the process through line 4 and enters the upper 

20 portion of primary extraction tower 20 through line 8. Additional recycled solvent may be brought into 
primary extraction tower 20 from solvent accumulator 110 after water removal (not shown) in accordance 
with the maintaining solvent inventory balance. 

In the primary extraction tower 20, the lubricating oil feedstock is intimately contacted countercurrently 
with an extraction solvent which has a preferential affinity for aromatic compounds compared to paraffinic 

25 compounds. As example of such a solvent is N-methy[-2-pyrrolidone which is used in the commercial 
petroleum refining industry for this purpose. Extraction solvent is added in an amount relative to the 
lubricating oil feedstock. On a percentage basis about 75 vol% to 500 vol% solvent is added relative to the 
lubricating oil feedstock, with a dosage in the range of 100 vol% to 300 vol% being typical. Extraction 
temperature is broadly in the range of 100* F to 250* F and pressure in the range of 0.5 atm to 10 atm. 

30 As a result of the countercurrent contacting at solvent extraction temperatures and pressures an 
aromatics-lean primary raffinate is passed from the top portion of primary extraction tower 20 through line 
18 to primary raffinate recovery system 30. Primary raffinate recovery system 30 comprises any of the 
processes to remove raffinate from residual solvent. This may include, for example, distillation wherein a 
solvent free raffinate is distilled as a bottoms product and passed via line 28 to tankage. The overhead 

35 product of distillation is passed via line 32 to solvent accumulator 110. Primary raffinate recovery system 30 
may alternatively be a second extraction stage wherein the primary raffinate is extracted with a second 
extraction solvent which is only slightly soluble in mineral oils and which is preferentially selective for the 
primary solvent as compared to the mineral oil. Such a solvent removal process is described in U. S. Patent 
2,261 ,799 to J. L Franklin, Jr. incorporated herein by reference. 

40 An aromatics-rich primary extract in solution with extraction solvent is passed from the bottom of 
primary extraction tower 20 through line 24 and line 48 to primary extract cooler 50. Simultaneously 
antisolvent such as water or wet extraction solvent is passed in an amount of 0.5 vol% to 10 vol% through 
line 26 and also line 48 through primary extract cooler 50. Solvent accumulator 110 is a source of wet 
solvent. Both streams are cooled by means of indirect heat exchange in cooler 50 to a temperature that is 

45 10° F to 120* F below the temperature in primary extraction tower 20. The streams are passed together to 
decanter 60 where two phases spontaneously form. The upper phase is a secondary raffinate phase which 
is leaner in aromatics than the primary extract. The lower phase is a secondary extract phase which is 
richer in aromatics and comprises a major proportion of the solvent. 

The lower secondary extract phase is passed from decanter 60 through line 62 to extract recovery 

so system 100 which comprises means for separating the aromatics rich extract from extraction solvent. This 
separation means comprises vacuum flash towers and a stripper. A solvent free aromatic extract is passed 
through line 102 to tankage for use consistent with its aromaticity. The solvent from the extract recovery 
system 100 is passed through line 98 to solvent accumulator 110 for retention and reuse in the process. 
There are four dispositions which can be made of secondary raffinate phase from decanter 60. The first 

55 disposition comprises the invention. The combination of the first disposition with alternate dispositions is 
dependent on product demand and it is understood that the flexibility of disposition is an attribute of the 
inventive process which makes it a valuable addition to the useful arts. 

In the first disposition secondary raffinate phase is passed via line 58, line 76 and line 88 to solvent 
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can comprise a single extraction zone or multiple extraction zones. The equipment employed in the 
extraction zone is not critical and can comprise rotating disc contactors, countercurrent packed bed 
extraction columns, countercurrent tray contactors and centrifugal contactors. The operation may be 
conducted as a batch or continuous operation with the latter being preferred. A continuous countercurrent 
5 operation is most preferred. Known techniques for increasing selectivity for aromatics can be employed. 
Examples of these are the use of small amounts of antisolvents, curing the extract with the solvent, 
operating at fairly low temperatures sufficient to carry out the extraction objectives, and using low solvent to 
oil ratios. 

The temperature of the extraction and the amount of solvent used are interdependent, and are, in turn, 

w dependent upon the composition of the particular oil stock to be extracted. With this in mind the following 
extraction process points are noted. First, the extraction temperature is preferably maintained at about 40° F 
below the temperature of miscibility of the oil and solvent in order to obtain the desired extraction effect and 
to conduct a high efficient extraction operation with good yields of oil. The lower temperature limit is 
controlled in part by the pour point of the dewaxed raffinate product. If the feed has not been dewaxed, then 

15 the minimum temperature of the extraction is controlled by the points at which solids appear. If the 
extraction temperature is too low, the extraction will be too selective and will require compensation, such as 
additional amounts of solvent and extraction stages. The extraction temperature range is generally between 
about 100° F and 250* F, preferably between about 120*F and 200* F, depending on the oil-solvent 
miscibility temperature. In the case of the preferred N-methyl-2-pyrroiidone-water solvent, the temperature 

20 ranges from about 1 20 * F to 1 80 ° F. 

It is noted that high solvent-oil ratios tend to reduce operational efficiency, consume larger quantities of 
energy and are to be avoided. Thus, for the most part solvent-oil dosages (defined as volume of solvent 
added per volume of oil times one hundred) range between about 75 and about 500. Particularly preferred 
ratios range between about 100 to about 300. For feedstocks derived from tow lube quality crudes such as 

25 heavy vacuum gas oils and deasphalted oils derived from South Louisiana crudes, typical extraction 
temperatures of 170° F and 200* F may be used with solvent to oil dosages of about 150 vo!% to 400 vol%. 

After the primary solvent extraction the primary raffinate phase is passed from the top of the primary 
extraction tower. The primary raffinate phase comprises about 10 to 15 vol% extraction solvent which is 
removed to yield an oil having a viscosity index (VI) within the range of about 75 to 100 and preferably 

30 about 85 to 96 after dewaxing to the desired pour point. Primary raffinates with viscosity index (VI) as high 
as 120 have been produced from high quality paraffinic oil and as low as 10 from high quality naphthene 
oil. In the case of naphthene oils solvent-to-oil ratio and temperature are more typically adjusted to achieve 
a polynuclear aromatic content of 3 wt% or less for toxilogical considerations rather than refining to achieve 
a selected viscosity index (VI). 

35 The primary extract phase comprising an oil richer in aromatics than the feedstock and a major 
proportion of the extraction solvent is passed from the bottom of the primary extraction tower to a decanter. 
To assist in effecting the separation in the decanter, primary extract phase is mixed with an antisolvent and 
cooled. The antisolvent, also known as a solvent modifier is selected from a class of compounds which are 
characterized as being only slightly soluble in paraffinic mineral oils and which is substantially completely 

40 soluble in the extraction solvent. The preferred antisolvent in industrial practice is water. Additional 
antisolvents include alcohols and glycols. Specific examples of effective antisolvents include glycerine, 
ethylene glycol, diethylene glycol, formamide, and methyl alcohol. 

The primary extract-antisolvent mixture is cooled to a temperature sufficiently lower than the tempera- 
ture in the primary extraction tower to form two immiscible liquid phases in the decanter wherein separation 

45 occurs. Cooling of the primary extract to a temperature 10* F to 120° F below the temperature in the bottom 
of the extraction tower results in the formation of two liquid phases which are separated from one another 
by gravity in the decanter. 

The lower phase, termed secondary extract, contains extraction solvent, antisolvent and oil relatively 
richer in aromatic content than the primary extract phase. Secondary extract is freed of solvent and used 

50 commercially for its aromatic content. For example it is used as a rubber extender oil or for a feedstock to 
make carbon black. Or, it may be routed to the liquid fuel oil pool. Secondary extract is freed of solvent by 
conventional processing. For example, it may be processed in a vacuum flash tower, and a steam stripper 
at a pressure in the range of 0.01 atm to 3 atm and withdrawn as a bottoms product. This bottoms product 
may optionally be stripped by means of an inert gas at a temperature of 450* F to 600* F and pressure of 

55 0.01 atm to' 1 atm to remove the last traces of solvent. Such a process to free extract from extraction 
solvent is described in U. S. Patent 4,294,689 to A. Sequeira, Jr. incorporated herein by reference. 

The upper phase, termed secondary raffinate, is so depleted in aromatic compounds that after solvent 
removal (such as that described in U. S. Patent 4,294,689) it is suitable for fluid catalytic cracker feed in the 
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absence of hydrocracking or other hydrogenation 

The catalyst is suspended or fluidized in the transfer line reactor by means of a lift na* I m ««. 

- tS^^J^SZ * * ^ " *** ~ ~ 

. and a ^.neL, J^Sw**^ temPe ' a,Ure °* to 1050* F 

This invention is shown by way of Example. 
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mJum v?«f 3 ? iS t0 «- ' 0W in ar ° matiCS f0r USe 33 a rubber extender °»- « «" be separated into a 
medu,m VI secondary raffinate and a secondary extract. It is useful as a rubber extender o! wh!le aUhe 
same time manufacturing a high VI base oil. 

A fluid catalytic cracking response was determined for the primary extract from Run 1-A and second*™ 
raffinate from Run 1-D. The results of this study are summarized below. ^ 
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FCCU Run No. 


1 


2 


Feedstock 


PRIMARY 
EXTRACT 


SECONDARY 
RAFFINATE 


Operating Conditions 


Inlet Temp., * F 
Outlet Temp., * F 
Regeneration Bed Temp., * F 
Gas Oil Conversion, Vol% 
Total Naphtha Yield, Wt% 


600 
975 
1424 
74.6 
86.7 


600 
975 
1348 
79.1 
97.4 



These data show that the secondary raffinate is a better FCCU feedstock than the pri 

EXAMPLE 2 



primary extract. 



a nAf° n6Utral i iSti " ate ,r ° m an0th6r S0UU1 L0uisiana crude was N-methyl-2-pyrrolidone (MP) refined 
cooli c TT' int ° 2 SeC ° ndary raffinate "* 3 secondar V by cooling o by 

t0 ^ ^ -** the ™° results obtained fL this 



REFINING CONDiTIONS 

MP Solvent Dosage Vol% (0.3 Vol% Water) 

Extraction Temp., * F 

Second Raffinate Separation Temp., ° F 

Water Added To Primary Extract, Vol% 

Yield, Vol% Primary Raffinate 

Vol% Secondary Raffinate 

Vol% Primary Extract 

Vol% Secondary Extract 

TESTS ON EXTRACTS 



280 
150 

0 
54.4 

0 
45.6 

0 



280 
150 
130 
0 
54.4 
7.6 
0 
38.0 



2-C 



280 
150 
130 
3 
54.4 
19.4 
0 
26.2 



2-D 



280 
150 
130 
5 
54,4 
25.7 
0 

19.9 



45 



Aromatics, Wt% 
Saturates, Wt% 
Asphaltenes, Wt% 
Polar Aromatics, Wt% 



PRIMARY 
EXTRACT 

53.6 
41.4 
0.1 
4.9 



SECONDARY 
EXTRACT 

61.0 
33.5 
0.1 
5.4 



SECONDARY 
EXTRACT 

67.5 
23.6 
0.3 
8.6 



SECONDARY 
EXTRACT 

76.7 
14.7 
0.4 
8.2 



55 



T hese data show that water can be used as an antisolvent to effect the separation of higher yield of 
secondary raffmate and more aromatic extract than is obtainable by the wduc^ 
This technique is particularly useful when it is desirable to manufacture a b^i^ 
extender oils of less than 20 wt% saturates from highly paraffinic feedstocks which Xwe Wa"s2S 

glycols, alcohols and the .ike can be used to effect the desired separation. However, water s 2?S3S5 
antisolvent because it is effective at low concentrations, is cheap, is available in the pmce s and i S 
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removed by distillation. 





TABLE OF TEST METHODS 


5 


Pour Point 


ASTM D-97-87 




Aniline Point 


ASTM D-611-82 




Sulfur 


ASTM D-2622-87 




Viscosity Index (VI) 


ASTM D-2270-86 




Flash. COC * F 


ASTM D-92-85 


70 


API Gravity, * API 


ASTM D-287 



While particular embodiments of the invention have been described, it will be understood, of course, 
that the invention is not limited thereto since many modifications may be made, and it is, therefore, 
contemplated to cover by the appended claims any such modifications as fall within the true spirit and 
scope of the invention. 



Claims 

20 

1 . A process for solvent refining a hydrocarbon lubricating oil stock containing aromatic and non-aromatic 
components with an extraction solvent wherein said lubricating oil stock is contacted with the extraction 
solvent in a solvent extraction zone at an extraction temperature in the range of 100* F to 250° F and a 
solvent to oil dosage in the range of 75 to 500 vol % thereby forming an aromatics-rich primary extract and 

25 an aromatics-lean primary raffinate; characterized by: 

withdrawing and cooling the primary extract to a temperature 10* F to 120* F below said extraction 
temperature and admixing with about 0.0 vol % to 10 vol % antisolvent thereby forming two phases 
consisting of a secondary extract phase richer in aromatics and a secondary raffinate phase leaner in 
aromatics; and, 

passing said secondary raffinate phase, in the absence of hydrogenation, to a fluid catalytic cracking zone 
at cracking conditions thereby yielding a liquid fuel product. 

2. A process for solvent refining a hydrocarbon lubricating oil stock containing aromatic and non-aromatic 
components with an extraction solvent wherein said lubricating oil stock is contacted with the extraction 
solvent in a solvent extraction zone at an extraction temperature in the range of 100° F to 250° F and a 

35 solvent to oil dosage in the range of 75 to 500 vol % thereby forming an aromatics-rich primary extract and 
an aromatics-lean primary raffinate; characterized by: 

withdrawing and cooling the primary extract to a temperature 10° F to 120°F below said extraction 
temperature and admixing with about 0.0 vol % to 10 vol % antisolvent thereby forming two phases 
consisting of a secondary extract phase richer in aromatics and a secondary raffinate phase leaner in 
aromatics; and, 

passing said secondary raffinate phase, in the absence of additional aromatic reduction, to a fluid catalytic 
cracking zone at cracking conditions thereby yielding a liquid fuel product. 

3. A process according to Claim 1 or Claim 2 wherein the amount of antisolvent is 0.5 vol % to 10 vol %. 

4. A process according to any one of Claims 1-3 wherein the antisolvent is selected from the group 
45 consisting of water, glycols and alcohols. 

5. A process according to any one of Claims 1 - 4 wherein the extraction solvent is selected from the group 
consisting of N-methyl-2-pyrrolidone, furfural, phenol and water mixtures thereof. 

6. A process according to any one of Claims 1 - 5 wherein, in the solvent extraction zone, the extraction 
solvent is in admixture with 0.3 to 10 vol % water. 

50 7. A process according to any one of Claims 1-6 wherein the antisolvent is water and wherein, in the 
solvent extraction zone, the extraction solvent is in admixture with 0.3 to 0.5 vol % water and wherein said 
admixing of said primary extract is with 3 to 5 vol % water. 

8. A process according to any one of Claims 1-7 wherein the primary raffinate has a viscosity index of at 
least 85. 

55 

9. A process according to any one of Claims 1 - 8 wherein the primary raffinate has a polynuclear aromatic 
content of 3 wt % or less. 

10. A process according to any one of Claims 1 - 9 wherein said extraction temperature is in the range 
120° F -200° F and said solvent to oil dosage is in the range 100 to 300 vol %. 
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